The pitting and furrowing of tinned and soldered sheet copper which sometimes happen when weathered, were duplicated in the laboratory by exposing the copper to a humid atmosphere, rich in S02 and C02 at 50°C or over The progress of corrosion was followed by means of weight losses tensile and bend tests Extensive pitting and furrowing occurred only after the tinned and soldered specimens had been heated to high enough temperatures to cause the formation of complex copper-tin alloys.
The copper exposed at the bottom of such pits was observed to be bright in some cases, and in others covered with patina. In any recess where water could collect along the edge of the soldered seam, or at points where water flowed away from the edge of the soldered seam, the copper was usually leather brown in color, which was different from the predominating color of the sheet. However, furrowing was not found.
When a copper roof is pitted and has an appearance suggestive of wormholes penetrating through it, it seems reasonable to assume that the roof is of tinned copper. The failure of the tinned copper roof on the Library of Congress building in Washington, D. C, has been described by Merica (l) . 1 A recent examination made of a specimen of tinned copper of thin gage used for the ornamental work showed as many as 92 pits in an area of a square centimeter after service lasting probably more than a quarter of a century. This is a tremendous increase over that reported before, (1) and is indicative of the influence of bending upon the weathering of tinned copper. Another pitted or " worm-eaten" roof, supposedly of copper, was found to be of tinned copper.
The failure of copper roofing by pronounced pitting and furrowing seems quite often to be associated with tin or solder and is the subject of this investigation.
II. PREVIOUS WORK
It appears that no systematic study has been made of furrowing at copper-solder junctions. Merica (1) in his study of the failed tinned copper roofing showed that the tin combined with the copper to form phases known as e' and rj (2) which are cathodic to copper, hence, detrimental from the standpoint of corrosion resistance.
Dafton and Brady (3) have reported that the corroded areas of tinned copper pipes are cathodic to copper. Lead-tin solder is considered as being anodic to copper. However, the current (4) set up due to galvanic action has been reported to be small and to decrease with time.
In a study of the metallurgy of soldered copper Crow (5) In Table 5 it is shown that the oxide films of negligible weight produced at 130°, 170°, and 500°C. were accompanied by greater corrosion losses.
The set of specimens which was weathered at 60°C.
was oxidized for a longer period of time than that weathered at 50°C .
and, therefore, having a thicker oxide film, suffered greater corrosion.
The surface of the hand-tinned copper was dulled and discolored, all had long, parallel, brown or yellow streaks speckled with black; *V>C-m The microstructure of the coatings on heat-treated electrotinned copper was rather complex. Electrotinned copper had but one phase present in the coating-the tin. Upon heating to 350°and 500°C, the copper and tin alloyed, copper dissolving quite rapidly in the tin.
The alloy layers were brittle and slight bending caused them to crack, as shown in Figure 3 . Many of these cracks extended through the alloy layer only.
During polishing a slight relief effect was sometimes obtained, as shown in Figure 3 At least two phases were distinguishable in the alloy layer formed at 350°C. In Figure 4 Figure 10 shows the appearance of these phases and illustrates the association of pits with them. Areas C and B are evidently the 5 and v phases and A the unchanged solder.
The characteristic microstructures of the soldered specimens are shown in Figures 11 to 13 . Figure 12 shows the cracks in the very thick coating of copper-tin alloys on soldered and annealed copper. Nightingale (19) and Beij (20) Figure 6 show that weathering has a pronounced effect on the fatigue properties of such a joint, as measured in terms of the number of bends to produce failure, and that the weathering effect is greater the higher the temperature to which the solder is subjected. 
